Introduction
Hypertension is an acknowledged risk factor for coronary heart disease and stroke in the elderly, 1 and clinical trials have shown that older people benefit from the treatment of hypertension. [2] [3] [4] [5] Ambulatory blood pressure (ABP) correlates better than conventional office blood pressure (BP) with target organ damage, such as left ventricular hypertrophy or other cardiovascular complications, induced by hypertension. [6] [7] [8] A recent follow-up study of older Population-based studies have shown that the mean ABP in the population is lower than conventional BP. These studies have proposed normal values for ABP. [10] [11] [12] [13] [14] However, no exact consensus exists as to the ABP normal values and the use of ABP to diagnose hypertension. So far, only one population study has examined ABP normality, particularly in older people. 15 As the risk profile in this Italian population was different from the Finnish profile, ABP was here measured to examine ABP normality in an older Finnish population. A further aim was to provide reference values of 24-h ABP for clinical practice and patient care and to describe the level of ABP in treated hypertensive subjects.
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Subjects and methods
The study was carried out in Lieto, a semi-industrialised rural municipality in the south-western part of Finland. All the 1596 residents of Lieto born in or before 1933 (12% of the population, men and women 42% and 58%, respectively) identified in the population registry on 16 February 1998 were eligible for inclusion in the survey. Sixty-seven had either died or moved before they could be examined, 200 refused and 69 did not respond to the invitation or had an unknown address. Eighty-two percent of those invited participated (n = 1260, 42% men, 58% women). The main survey was started in March 1998 and continued until July 1999. The participants were invited to the Lieto Health Centre in a random order. The ABP study was started in April 1998 and continued until May 1999. During this period, 1047 subjects of the main Lieto study were examined and 534 of them consented to participate in the 24-h ABP measurement. Those who refused to participate did not want to have the ambulatory device for various reasons, such as poor health. In addition 16 participants declined at the last minute, and there were technical problems with the installation of the device in another 16 cases.
At the beginning of the procedure, each subject gave informed consent to participate. The protocol of the study was approved by the Joint Commission on Ethics of the Turku University and Turku University Central Hospital. The survey protocol consisted of nurse's interviews, clinical examinations, laboratory tests and ABP measurements. Office BP was measured at the time of the interviews by two trained nurses according to published guidelines. 16 Non-invasive ABP monitoring was performed with the Novacor Diasys Integra device, using primarily the auscultatory method. The accuracy of this device has been previously validated by the Association for the Advancement of Medical Instrumentation and the British Society of Hypertension, and it has passed validation tests (grade B for systolic and grade A for diastolic BP). 17 The calibration of the devices was checked at monthly intervals according to the manufacturer's instructions.
Two different cuff sizes were used, depending on the subject's arm circumference. The ABP inflating cuff was applied to the non-dominant arm and the microphone was taped over the brachial artery. The device was connected with a T-piece to a mercury sphygmomanometer, and BP was measured at the same time as the automatic recording was started after the installation of the device. The manual readings were taken blinded to the automated readings. BP was recorded twice with the subject was sitting and once with the subject in a standing position at the time of both installing and removing the device. The first manual reading in a sitting position was used as the office BP. Generally, the ABP readings were not allowed to be more than 5 mm Hg apart from the simultaneous auscultatory readings at the time of installation of the device. There were cases where the difference was greater than 5 mm Hg even after reinstallation of the microphone, and the results in these cases were analysed separately.
BP and heart rate were monitored every 30 min for 24 h. 12 The subjects were asked to follow their ordinary daily routine during the recording period, to avoid strenuous physical exercise and to keep the arm in a relaxed position by the side of the body for the BP recording. The subjects had a diary where they wrote down their activities and sleeping periods as well as their medications and possible symptoms.
Data analysis
The 24-h BP and heart rate data were edited for artefacts according to the criteria reported previously 18 and averaged for the 24-h period, diary-based daytime (awake time) diary-based night-time (asleep time) and each single hour. The data were analysed for the total sample and separately for the normotensive and untreated hypertensive subjects (ie, subjects unaware of their hypertension) and for those diagnosed as hypertensives and having antihypertensive medication. Men and women were analysed separately.
The normotensive and untreated hypertensive participants were further classified by their office BP levels according to the World Health Organisation (WHO) criteria 19 as definitely normotensive (systolic BP Ͻ140 and diastolic BP Ͻ90 mm Hg), borderline hypertensive (systolic BP Ͻ150 and diastolic BP Ͻ95; systolic BP у140 and/or diastolic BP у90 mm Hg) or definitely hypertensive (systolic BP у150 and/or diastolic BP у95 mm Hg), and the mean ABP levels for each group were calculated.
The correlation between office BP and ABP was tested, and Pearson's correlation coefficient and its level of significance were calculated. Moreover, the ABP values corresponding to an office BP value of 140/90 mm Hg were calculated using linear regression analysis. The statistical tests included Student's two sample t-test and Student's t-test for paired comparisons and regression analysis. All the statistical tests were two-sided, and a P-value Ͻ0.05 was considered significant. The results were expressed as means (s.d.) or 95% confidence limits. All data analyses were performed with the SAS System for Windows, release 8.1/1999.
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Results
ABP measurements were obtained for 502 subjects. There were 211 normotensives or untreated hypertensives (unaware of their hypertension). A total of 205 subjects were treated hypertensives. Eighty-six normotensive subjects were taking medications known to influence BP for a reason other than hypertension (ie, severe arrhythmias, coronary heart disease, valvular disease). Even though the results of Journal of Human Hypertension this group did not markedly differ from those of the normotensive group, they were kept separate to avoid the possible confounding effect of medication. The collected sample was younger, included more subjects with diagnosed hypertension and the share of men was higher compared to the whole Lieto study sample. The demographic characteristics of the study subjects are shown in Table 1 .
ABP showed a significant change through the increasing age independent of gender (systolic 24 a 24-h period) . The difference between the manual and ambulatory readings at the installation of the device was greater than 5 mm Hg in the systolic BP of 31 subjects (mean 9 mm Hg, range 6-23 mm Hg) and in the diastolic BP of 14 subjects (mean 7 mm Hg, range 6-10 mm Hg). The data were also analysed after exclusion of these subjects, and because these exclusions did not affect the results
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of the ABP measurements, only the results of the whole sample are presented.
Office and ABP values are shown in Table 2 . The office BP measurements taken by the nurses at the time of the interviews were significantly higher than the office BP taken at the installation of the automatic device, and only the latter ones are presented. The office BP values were significantly higher than the ABP daytime mean pressures. The systolic and diastolic ABP values of the treated hypertensive subjects significantly exceeded the values of the normotensive or untreated subjects with the exception of night-time diastolic BP, which showed no marked difference. When men and women were analysed separately the mean systolic ABP and office BP values were markedly higher in women compared to men.
There was a significant decrease in the night-time BP compared to the daytime BP, with no difference between normotensives and treated hypertensives (systolic/diastolic decreases 15/13% and 14/13%, respectively). When the normotensive group was further classified by office BP according to the WHO criteria, 46% turned out to be definitely normotensives, 20% borderline hypertensives and 33% definitely hypertensives. The ABP values of these three classes are shown in Figure 1 and the curves for hourly mean systolic and diastolic BP in Figure 2 . The decrease in night-time BP was similar in definitely hypertensive and definitely normotensive subjects (systolic/ diastolic 16/15% and 15/13%, respectively).
The upper limits of normality of ABP were calculated as the mean (s.d.), mean ±2 s.d. and 95th percentile values in the normotensive and untreated hypertensive groups, as shown in Table 3 . In the A significant positive correlation was found between office BP and ABP. In the normotensive group, the correlation between office BP and daytime ABP was 0.67/0.70 (systolic/diastolic) and the correlation tended to be higher in normotensive than treated hypertensive group. In linear regression analysis, the values corresponding to an office BP of 140/90 mm Hg were 123/79 mm Hg in 24-h ABP and 130/83 mm Hg in daytime ABP in the normotensive and untreated hypertensive group. Subjects with office BP у140/90 mm Hg constituted 53% of the total study sample (n = 502), and 15% of them had average daytime ABP values р130/83 mm Hg. The mean difference between office and ambulatory daytime BP, was 11/3 mm Hg (systolic/diastolic) in the whole population. The frequencies of various degrees of the difference between office and daytime systolic BP are shown in Figure 3 . There was no correlation between age and the difference between office and daytime BP. Figure 4 shows a comparison of the present findings with the results of other population studies.
Discussion
This study is the first to present normal values for ABP in a Finish gender-stratified population aged 64 -87 years. The population of Lieto is typical of south-western Finland, and the age distribution of the population aged over 64 is comparable to the Finnish general population. All participating subjects were randomly chosen from among the inhabitants of Lieto. Only the individuals living in nursing homes were excluded. Since a total of 1047 subjects were invited and many declined, the 502 who did participate were to, some extent, a self-selected group. A study protocol consisting of many visits and including ABP measurement may be too strenu- ous for aged people, many of whom have a poor physical condition or impaired cognition (eg, dementia). The refusal rate was highest among the very old. The share of subjects aged over 74 years was lower, and there were more subjects with diagnosed hypertension in the collected sample than in the whole Lieto study. Thus, there was a possible selection bias in our study population, and any generalisation of the results should be made with caution. Other background characteristics were similar between these populations (see Table 1 ). The participation rate was comparable to that in the Italian study among the elderly. 15 The compliance and reproducibility of ABP in these elderly subjects were found to be good, as reported earlier. 18 We found the mean ABP values to be significantly lower than the office BP values, which is in accordance with the earlier reports. The ABP 24-h and daytime mean values were identical to those of the Italian elderly population, 15 but the night-time values were slightly different. The daytime and night-time periods for data analysis were diary-based rather than arbitrarily set fixed time periods, as in the Italian study, and this could explain the slight differences between these studies. In the South American study, 14 the mean ABP values in the elderly were also almost identical to the present ones.
Many cross-sectional studies have proposed reference values for ABP, with the upper limit at mean + s.d., mean ±2 s.d. and the 95th percentile. 10, 12, 13, 15 The upper limits of normality for 24-h ABP in the present study agree relatively well with the statistically derived values from these populations. We found that the daytime mean ABP value of 130/83 mm Hg correlated best with the office BP value of 140/90 mm Hg, which is the well established upper limit for normal office BP. In a recent prospective study, 21 24-h ABP values over 134/79 mm Hg were related to an increased risk for both cardiovascular and non-cardiovascular mortality.
Many of the present subjects had office BP values above 140/90 mm Hg. The office BP was measured at the time of installing the ambulatory device by either a physician or a nurse, and no separate analyses were made between these measurements. Office BP tends to be higher when measured by a physician than by a nurse. 22 Also, subjects may be nervous when having the automated device tested for the first time, which may affect the simultaneous manual reading and introduce possible bias to the office BP values. The office BP measurements were also taken separately under standardised conditions at the time of the interviews by the trained nurses. These values were markedly higher than the values taken at the installation of the automatic device. For that reason, the latter ones were chosen as the office BP values to which the ABP measurements were compared.
The prevalence of white coat hypertension, ie, abnormal elevation of office BP with ABP within the normal range, was 15% in the present study, if we set the normal upper limit for daytime ABP to 130/83 mm Hg (which is the value corresponding to an office BP of 140/90 mm Hg). The results of the earlier studies suggest that the true prevalence of white coat hypertension is around 20%. [23] [24] [25] But as long as there are no accepted normal values for ABP, it is not possible to determine the true prevalence of white coat hypertension.
In the present study, the office BP and ABP mean values in the hypertensive subjects, even those on medication, were significantly above the values of the normotensive subjects. This is in line with a recent Finnish report indicating poorly controlled hypertension treatment in primary health care 26 and suggests that more intensive treatment is needed. We found no marked differences in the night-time BP decreases between hypertensive (treated or not treated) and normotensive subjects. Earlier studies indicate the circadian pattern to be less pronounced in hypertensive individuals. 27, 28 Another observation warrants attention. Women had higher systolic BP values than men. Controversially, in the ABP studies on different populations, the gender differences were small or men had the highest BP values. 12, 14, 15, 29 The explanations here could be the colder climate in Finland and differences between populations. A large epidemiological study in Finland has shown that women over 50 years have higher office systolic and diastolic BP values than men. Also, the increase in systolic BP along with age is faster in women. 30 Morbidity and mortality from cardiovascular and coronary heart disease are higher among Finnish middle-aged men than in women, leading to selection of the older population and explaining some of the difference between the genders.
Conclusion
The results yield reference values for ABP in 64-to 87-year-old men and women separately. The normal values of ABP were markedly lower than the office BP values. In general, the levels of ABP values agree well with the ABP values in elderly populations from several countries. However, women had higher BP levels than men. Hypertensives, even when treated, tended to have elevated values. Longitudinal population studies are needed to provide reference values for ABP based on prognostic criteria and taking into account the incidence of cardiovascular events.
